Anterior cervical discectomy and fusion (ACDF) remains the standard of care for patients with cervical radiculopathy who are unresponsive to conservative care. However, the maintenance and restoration of cervical alignment as a predictive factor for outcome has not yet been fully evaluated. The purpose of this study was to evaluate the impact of maintaining or restoring cervical alignment on one and two level ACDF patients' outcome.
Restoration of Cervical Alignment is Associated with Improved Clinical Outcome after One and Two Level Anterior Cervical Discectomy and Fusion
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Methods
Data were collected from 104 patients who underwent one and two level ACDF. Cervical alignment was measured preoperatively and at follow-up visits. The patients were classified into three groups based on the postoperative change of their cervical alignment. Neck pain, arm pain, and Neck Disability Index (NDI) scores were obtained preoperatively and at the latest follow-up visit. Incidences of adjacent segment degeneration (ASD) and reoperations because of ASD were recorded.
Results
There were 64 patients in the Maintained group, 17 patients in the Restored group and 23 patients in the Kyphotic group. Pre-operatively, the neck pain scores, arm pain scores and NDI scores were not statistically different among the three groups (p>0.05). On average at 12 months follow-up, the neck pain scores improved by 2.7, 4.2, and 2.7 points respectively in the three groups (p>0.05). The patients' arm pain scores improved by 2.1, 2.4, and 2.8 points respectively (p>0.05). NDI scores improved by 12, 31 and 13.7 points respectively (p<0.05). The incidences of ASD and reoperations because of ASD were 16%, 12% and 35% respectively (p>0.05).
Conclusions
The patients with restored cervical alignment had significantly greater NDI improvement and relatively better neck pain improvement. There was a trend for patients who had unchanged cervical kyphosis to have a higher incidence of ASD. Our study suggests that restoration of cervical alignment will contribute to improved clinical outcome in the patients who have one and two level ACDF surgeries.
Introduction
Anterior cervical discectomy and fusion (ACDF) is one of the most commonly performed spine surgeries with more than 150,000 procedures performed annually in the United States. 1 Many studies have shown that the clinical outcome of ACDF is good or excellent for most patients. [2] [3] [4] [5] There are still however some patients that have only fair or even poor outcome. 6 Early identification and proper management of potentially remediable factors related to a fair or poor outcome will help to ensure a good outcome for even more patients.
Normal cervical lordosis (C2-7) averages approximately 34 degrees. 7 The normal sagittal weightbearing axis lies posterior to the radiographic arc of the vertebral bodies from C2-7. Once normal lordosis is reversed, the weight-bearing axis moves anteriorly, which predisposes to further progression of kyphosis and may contribute to accelerated degeneration with the development of radiculopathy, myelopathy and pseudarthrosis. [8] [9] [10] Some studies have also shown that the loss of normal cervical lordotic alignment can directly alter flexion-extension dynamics and is associated with postoperative axial symptoms and adjacent segment degeneration. [11] [12] [13] [14] Regardless of the above, the impact of maintaining or restoring cervical alignment on the outcome of patients following ACDF surgery has not been fully evaluated.
The aim of this study was to review a series of patients undergoing one and two level ACDF surgeries to evaluate the impact of maintaining or restoring cervical alignment on the patients' clinical outcome.
Materials and Methods
Data were retrospectively collected from a series of patients who underwent one and two level ACDF at a single institution between 2011 and 2013. All the surgeries were performed by a team of fellowship trained spine surgeons. Patients who had previous cervical surgeries and those with less than 6 months' follow up were excluded from the study. Preoperative and the latest postoperative lateral cervical radiographs were measured by an independent researcher to record the global cervical lordosis/ kyphosis angles (C2-7). The patients were classified into three groups based on the angle: Maintained group (patients had lordotic or neutral cervical angle preoperatively and the angle was maintained postoperatively); Restored group (patients had cervical kyphosis preoperatively and the angle was restored to lordosis or neutral postoperatively); and Kyphotic group (patients had cervical kyphosis preoperatively and the angle was unchanged postoperatively).
The patients' age, gender, body mass index (BMI), level(s) operated and the follow-up intervals were recorded. Visual analog scale (VAS) scores for neck pain, arm pain, and the Neck Disability Index (NDI) were obtained from each patient preoperatively and at the latest follow-up visit. Pain intensity for arm pain and neck pain were measured separately using scales ranging from 0 (no pain) to 10 (worst possible pain). Incidences of adjacent segment degeneration and reoperations because of adjacent segment degeneration were determined and collected from radiographs and medical records. The relationship between maintaining or restoring cervical alignment and the patients' clinical outcome was analyzed.
Data Analysis
The mean demographic and outcome scores were compared among the three group using ANOVA analyses and the differences between two groups were compared using t test. Categorical data were compared using Chi-square analyses.
Results
One hundred four patients who underwent one and two level ACDF were included in this study. There were 64 patients in the Maintained group, 17 patients in the Restored group and 23 patients in the Kyphotic group. The most common primary diagnoses were disc herniation and stenosis ( Table 1 ). The patients' gender, BMI, number of levels operated and followup interval were not significantly different among the groups (p>0.05; Table 2 ). The patients were younger in the Kyphotic group (48 years old) comparing with the Maintained group (54 years old) and the Restored group (55 years old) (p<0.05, Table 2 ).
Preoperatively, there were no significant differences in the mean neck pain VAS, arm pain VAS, and NDI scores when comparing the three groups (all p>0.05; ANOVA; Table 3 , Table 4 , Table 5 ). At mean 12 months' (range 6 to 33 months) follow-up, all three groups had improved neck pain (Table 3) , arm pain (Table 4 ) and NDI (Table 5 ) scores from preoperative values, although the arm pain score improvement in the Restored group and the NDI score improvement in the Kyphotic group were not statistically significant ( Table 4 , Table 5 ).
There were no statistically significant differences in Table 2 . Overview of patients in the three groups. Table 3 . Preoperative and postoperative neck pain VAS scores and the net change in these three groups. Table 4 . Preoperative and postoperative arm pain VAS scores and the net change in these three groups. the degree of improvement in neck pain or arm pain VAS scores when comparing the three groups (p>0.05; Figure 1 ). The mean NDI score improvement was statistically significantly greater in the Restored group compared with the other groups (p=0.02 between the Maintained group and the Restored group, p=0.03 between group the Restored group and the Kyphotic group) ( Figure 2 ).
There was a trend toward a greater incidence of adjacent segment degeneration in the Kyphotic group compared with the other two groups (p=0.15 between the Restored group and the Kyphotic group, p=0.08 between the Maintained group and the Kyphotic group, Chi-square analyses) ( Table 6 ). Reoperation due to adjacent segment degeneration was required in only one patient (4%), who was in the Kyphotic group (Table 6) . 
Discussion
The normal cervical spine has a gentle lordotic curve and its stability is provided by bone morphology and ligamentous structures. The normal sagittal weight bearing axis lies posterior to the cervical vertebral bodies. This helps to maintain the normal sagittal balance and minimize the demands on the posterior cervical musculature. 15 Loss of cervical lordosis or straightening of the cervical spine can be caused by degenerative, inflammatory, traumatic or iatrogenic damage. The sagittal weight bearing axis shifts anteriorly with the loss of the normal cervical lordosis to kyphosis. This predisposes to further progression of kyphosis and may contribute to accelerated degeneration and the development of radiculopathy, myelopathy and pseudarthrosis. [8] [9] [10] Some studies have also shown that the loss of normal cervical lordotic alignment can directly alter flexion-extension dynamics and is associated with postoperative axial symptoms and adjacent segment degeneration. [11] [12] [13] [14] ACDF is a well established and commonly performed procedure for the treatment of cervical disc disease. It was first described and popularized by Robinson and Smith and also Cloward in the 1950s. 16, 17 Most studies have shown that the clinical outcome after ACDF is good or excellent. [2] [3] [4] [5] Some studies suggest that cervical lordosis is important in order to achieve a good outcome for the surgical treatment of patients with neurological deficits. Katsuura et al. examined 42 patients who underwent ACDF for cervical spondylosis and disc herniation. At an average of 9.8 years' follow-up, they found that 43% of the 21 patients who showed adjacent segment degeneration had malalignment of the cervical spine, such as kyphosis or sigmoid curvature. 11 Jenkins et al. studied the patients' radiographic and clinical outcomes after cervical spine fusion for trauma and found that the patients who had 20 or more degrees of kyphosis had a significant increase in complaints Table 6 . Incidences of adjacent segment degeneration and reoperations due to adjacent segment degeneration in the three groups. of cervical pain. 18 Kawakami et al. studied the relationship between axial symptoms and cervical alignment after cervical anterior spinal fusion for patients with cervical myelopathy, and they found that the loss of cervical lordosis was associated with axial symptoms such as neck pain, stiff neck, shoulder pain, neck dullness, or shoulder dullness. 12 In contrast, there are also some studies showing that the cervical alignment does not correlate with the clinical outcome of cervical surgeries. Kaptain et al. reported that kyphosis may develop in up to 21% of patients who have undergone laminectomy for cervical spondylotic myelopathy, but clinical outcome did not correlate with either pre-or postoperative sagittal alignment. 19 Rajshekhar et al. found that after oneor two-level uninstrumented central corpectomy, cervical spine curvature tended to undergo a kyphotic change but this kyphotic change did not affect the neurological outcome. 20 In this study, we analyzed whether alterations in the cervical alignment after one and two level ACDF have an impact on clinical outcome. We divided the patients into three groups based on changes in their pre-to postoperative cervical alignment. Our results showed that the patients in all three groups had improved neck pain, arm pain and NDI scores from the preoperative baseline, which suggests that ACDF is an effective surgery regardless of the alternation in cervical alignment. This improvement may mainly come from the decompression and the restoration of disc height even if the global cervical alignment remained in kyphosis. This is consistent with the existing published data regarding outcome after ACDF. As an extension to the existing literature, we found that the patients whose cervical alignment was restored from preoperative kyphosis to postoperative lordosis or neutral alignment had a significantly higher degree of improvement in NDI scores compared to patients whose cervical alignment was unchanged. These patients also seemed to have higher degree of improvement in neck pain although the difference was not statistically significant. These results suggest that the restoration of cervical alignment from kyphosis to lordosis or neutral does contribute to the patients' clinical outcome in addition to the benefits of decompression and disc height restoration. It is still not clear exactly how the restoration of cervical alignment contributes to the patients' outcome, but it may be attributed to the complex posture-related muscle and ligament interactions. 21 It will be interesting to see if the differences we noted among these three groups will be maintained at a longer follow up time. A further important finding that we observed was that the incidence of adjacent segment degeneration was lower in the patients who had restored cervical alignment. This result is consistent with some previous reports 22, 23 which further highlights the importance of restoring cervical alignment even in one and two level ACDF surgeries. Longer follow-up will also allow us to see if this translates into a higher reoperation rate for adjacent level degenerative disc disease.
We acknowledge that there are limitations to this study. First, we focused on the clinical effect of global cervical sagittal alignment and we did not assess the effect of segmental sagittal alignment on patients' outcome. In a multicenter, randomized controlled study, the authors found that the loss of segmental lordosis does not correlate with the patients' outcome at two years' follow up. 23 It is also found that only 25% of the variance in global cervical sagittal alignment can be attributed to the change in segmental alignment. 21 We thus believe that assessing the relationship between global cervical sagittal alignment and the patients' clinical outcome as performed in our study has more clinical significance. Second, the patients' number differs among these three groups and there are more patients in the Maintained group (patients had lordotic or neutral cervical angle preoperatively and the angle was maintained postoperatively). This is a reflection of the patient population treated in our study. A prospective matched controlled outcomes study would be best to address this limitation. Thirdly, the minimum follow up is relatively short in this series. Lastly, we did not address fusion rates or neurologic improvement, which may affect VAS and NDI scores.
In summary, our study suggests that restoration of cervical alignment from kyphosis to lordosis or neutral will contribute to greater improvement in NDI scores in patients who have one and two level ACDF. These patients also seem to have lower incidence of adjacent segment degeneration. Maintenance or restoration of global cervical sagittal alignment is an important factor in the operative intervention of patients scheduled for one and two level ACDF to optimize their clinical outcome.
